Introduction {#s1}
============

The incidence of chronic obstructive pulmonary disease (COPD) using current diagnostic criteria is largely unknown, particularly in the oldest age groups \[[@C1]\].

A literature review found few recent studies (published 2000--2010) covering the incidence of COPD. The reported incidences vary widely between studied populations and depend on the diagnostic criteria used \[[@C1]\]. Although spirometry-verified airflow limitation is the standard method for diagnosing COPD, only four out of 15 articles in the review used spirometry as a diagnostic method \[[@C2]--[@C5]\]. Another five studies published after the year 2000, not mentioned in the review, report spirometry-based incidence \[[@C6]--[@C10]\]. Two of these previous studies reports incidence of airflow limitation based on the ratio of age-dependent predicted lower limits of normal (LLN) (forced expiratory volume in 1 s (FEV~1~)/forced vital capacity (FVC) \<LLN) \[[@C9], [@C10]\] and the others use a fixed ratio (FEV~1~/FVC \<0.7) that is independent of age.

The discussion on whether to use a fixed ratio or the LLN for defining airflow limitation is ongoing, due to the reported risk of misclassifying elderly individuals as pathologically obstructive when using a fixed ratio \[[@C11]--[@C15]\]. Guidelines issued by the Global Initiative for Chronic Obstructive Lung Disease (GOLD) recommend using a fixed ratio of 0.7 \[[@C16]\], while the American Thoracic Society (ATS) and European Respiratory Society (ERS) recommend the use of LLN \[[@C17]\]. The ERS task force has recently strengthened the case for using LLN due to the reported risk of underdiagnosing subjects aged \<50 years and overdiagnosing subjects aged \>50 years, with 75--80% false positives among subjects aged 80 years when using a fixed ratio \[[@C18]\]. In the light of these facts, new studies on incidence rates and risk factors for incident COPD based on appropriate diagnostic criteria are required.

Smoking and age were significant predictors of airflow limitation in all of the aforementioned studies. We have not found any previously published incidence rates for subjects aged \>80 years. Two studies also reported a significant dose--response relationship between incidence and estimated smoking quantity \[[@C4], [@C6]\]. With regard to sex as a risk factor for developing COPD, the evidence is not clear-cut and seems to depend on the diagnostic criteria used \[[@C4], [@C5]\].

In this study we established the incidence of airflow limitation in a population that includes subjects aged up to 100 years at follow-up, using both the predicted LLN and a fixed-ratio cut-off of 0.7 for diagnosis. We also established the differences in incidence between different age groups, sexes and groups based on smoking habits. Furthermore, we assessed and compared the significance in terms of mortality of being diagnosed with airflow limitation according to the criteria above. The primary hypothesis was that incidence increases with age and is associated with smoking habits but not with sex. The secondary hypothesis was that the incidence has a stronger correlation with age and is generally higher when using the fixed-ratio criterion compared to the LLN criterion.

Materials and methods {#s2}
=====================

Study description and participation {#s2a}
-----------------------------------

This study is part of the longitudinal Good Ageing in Skåne study, which in turn is part of the Swedish National Study on Ageing and Care. These studies have been described previously \[[@C19]--[@C21]\]. Initially, 5370 subjects (mean age 74.7 years) were invited. Of these, 477 (mean age 80.1 years) were non-eligible. Of the remainder, 1962 (mean age 76.1 years) were non-participants and 2931 (mean age 72.9 years) accepted the invitation. Baseline examinations were undertaken between February 2001 and January 2004, and the follow-up took place ∼6 years later. Age of participants at follow-up was 65--100 years. The baseline assessment included a questionnaire about smoking habits as well as medical examinations performed by a physician and a nurse. The assessments were performed during one or two consecutive days at the research centre or at the subject\'s home or in sheltered housing. Making house calls was a deliberate strategy to reduce selection bias. Exclusion criteria were twofold: 1) absence of spirometry or unacceptable spirometry performance according to ATS criteria \[[@C22]\] and 2) inability to communicate in Swedish and no available interpreter.

Baseline spirometry was performed on 2336 subjects aged 60--95 years from both rural and urban general populations of the Swedish province of Scania. 2025 subjects performed acceptable spirometry at baseline according to ATS acceptability criteria \[[@C22]\], of which 984 also produced acceptable spirometry at follow-up. The proportion of house calls was 12% at baseline and 16% at follow-up. Subjects were classified as regular smokers, intermittent smokers, ex-smokers or never-smokers. A quantification of smoked cigarettes in pack-years was estimated by multiplying the self-reported average number of packs of cigarettes smoked per day by the number of reported years of smoking. Regular smokers and intermittent smokers were merged into one group called current smokers on account of the relatively small number (n=76) of intermittent smokers. Four age groups (60--69 years, 70--79 years, 80--89 years and 90--100 years) were defined. For each participant, we recorded study dropout or death, whichever happened first, with the corresponding date. See [figure 1](#F1){ref-type="fig"} for an overview of the study. Baseline characteristics at different levels of participation are shown in [table 1](#TB1){ref-type="table"}. FIGURE 1Study overview. LLN: lower limit of normal; FEV~1~: forced expiratory volume in 1 s; VC: vital capacity; COPD: chronic obstructive pulmonary disease. TABLE 1Baseline characteristics according to study participation**InvitedSpirometryAllRespondersAcceptable at baselineNon-acceptable at baselineAcceptable at baseline/non-acceptable at follow-upAcceptable at baseline and follow-upAllFixed-ratio populationLLN populationIn LLN but not in fixed-ratio populationSubjects n**5370293120253119898479589297**Age years**74.7±11.372.9±10.774.7±10.466.3±8.271.2±8.670.7±9.370.3±9.270.8±9.374.5±9.4**Females**NA55.856.153.957.154.954.854.349.5**Smoking** CurrentNA16.214.821.912.416.712.814.426.8 FormerNA36.435.941.240.037.337.438.245.4 NeverNA43.546.435.147.645.549.347.027.8**Time to walk 15 m at self-selected speed s**NA12.3±3.812.8±3.910.7±2.612.1±2.411.8±2.611.8±2.611.8±2.612.3±2.6**Cardiovascular disease**NA32.734.122.222.925.824.425.736.1**Heart failure**NA3.54.10.61.01.51.61.72.1**Coronary heart disease**NA18.219.512.915.215.414.015.426.8**Stroke**NA7.37.14.54.84.24.34.34.1**Diabetes mellitus type 2**NA6.96.54.54.85.56.05.95.2**Hypertension**NA29.029.929.323.824.624.824.723.7**Asthma (reported)**NA6.87.35.54.87.85.86.613.4**BMI kg·m^−2^**NA26.8±4.426.8±4.526.9±4.327.9±4.227.1±4.427.3±4.427.2±4.426.1±4.3[^1]

Dropout, death and missing data among participants {#s2b}
--------------------------------------------------

In an attempt to assess whether subjects who did not perform acceptable spirometry at baseline had poorer pulmonary function than those who did, we compared the prevalence of obstruction at follow-up. We tested whether obstruction status at baseline was related to death or dropout in between examinations. To see whether the dropout or death resulted in relatively fitter older groups, we tested whether differences (between those lost to follow-up and those with two spirometries) in age and outcome of walking test at baseline depended on age group. More precisely, we regressed age and outcome of walking test at baseline on a full interaction of loss to follow-up and age group and subsequently conducted suitable contrast tests.

Definitions of airflow limitation and incidence {#s2c}
-----------------------------------------------

We report measured airflow limitation as an estimate of COPD. Airflow limitation is defined as a disproportionate reduction of the maximal airflow (FEV~1~) in relation to the maximal volume (FVC or VC) \[[@C17]\]. The applied criteria for airflow limitation in this study are both based on the ratio r=FEV~1~/(F)VC. The fixed-ratio criterion is defined as r\<0.7 \[[@C16]\]. The LLN criterion is defined as r\<predicted LLN. We used the 2012 Global Lungs Initiative (GLI) reference equations to calculate the predicted values \[[@C23]\]. Ethnicity was set to Caucasian. Background and more details on these reference equations have been published by the ERS task force \[[@C18]\]. For subjects aged \>95 years at follow-up we extrapolated the formulas for predicted LLN in order to keep these subjects in the analysis. For obstructive subjects we calculated the severity of obstruction according to GOLD and ATS classifications \[[@C16], [@C17]\].

Incidence is based on two measurements, an initial baseline measurement and a 6-year follow-up measurement. We evaluated the airflow limitation definitions by looking at the association of baseline obstruction with future 5-year mortality rates. To test that reclassification was not mainly caused by natural variability and measurement error, we compared the decline in FEV~1~ among incident positive and incident negative (obstructive at baseline and non-obstructive at follow-up) subjects. We also compared change in FEV~1~ between incident positive and non-incident (non-obstructive at baseline and follow-up) to test if reclassification corresponded to a pathological decline. To assess the effect of general health status on incidence, we conducted a separate analysis on subjects not examined at the research centre. The distribution and severity of prevalent and incident obstruction, background variables, dropout patterns and associated survival are displayed in [tables 2](#TB2){ref-type="table"} and [3](#TB3){ref-type="table"}. TABLE 2Characteristics of subjects with acceptable spirometry at baseline according to prevalence and severity of obstruction**FEV**~**1**~**/VC \>0.7FEV**~**1**~**/VC \<0.7FEV**~**1**~**/VC \>LLNFEV**~**1**~**/VC \<LLNAllGOLD stageAllATS/ERS 2005 severity \[16\]IIIIIIIV12345Subjects n (%)**1489 (73.5)536 (26.5)200 (9.9)231 (11.4)65 (3.2)36 (1.8)1753 (87.3)256 (12.7)103 (5.1)37 (1.8)29 (1.4)47 (2.3)40 (2.0)**Age years**73.9±10.377.2±10.275.9±10.777.5±9.577.4±11.481.9±7.474.5±10.475.7±10.672.2±10.976.9±9.980.5±7.175.3±11.580.7±8.3**Female**56.654.954.053.755.466.755.660.259.264.955.259.662.5**Smoking** Current11.623.720.027.325.213.912.828.132.032.424.129.815.0 Former35.636.835.039.038.527.836.134.834.032.434.540.432.5 Never50.435.142.530.721.550.048.631.332.029.737.917.042.5**CVD**31.740.731.547.644.638.933.437.929.151.441.442.640.0**Heart failure**3.65.42.07.84.611.13.95.51.010.813.84.37.5**Diabetes mellitus type 2**6.85.85.06.56.25.66.84.73.98.10.06.45.0**Asthma**4.814.09.516.521.511.15.718.418.518.913.823.415.0**Alive 5 years after baseline**83.167.579.566.747.750.081.565.283.554.162.151.147.5**In follow-up**65.948.160.045.032.336.163.746.964.132.441.434.035.0**In follow-up with spirometry**53.435.545.532.026.219.450.935.948.521.624.136.225.0[^2] TABLE 3Characteristics of subjects with acceptable spirometry at both baseline and follow-up according to incidence and severity of incident obstruction**In fixed-ratio incidence analysisIn LLN incidence analysisNon-incident fixed ratioIncident fixed ratioNon-incident LLNIncident LLNAllGOLD stage follow-up**^\#^**AllATS/ERS 2005 severity \[16\] follow-upIIIIIIIV12345Subjects n (%)**664 (76.9)131 (16.5)84 (9.7)34 (3.9)6 (0.7)1 (0.1)831 (89.7)61 (6.6)39 (3.7)10 (1.1)7 (0.8)4 (0.4)1 (0.1)**Age at  baseline  years**69.5±8.974.6±9.573.6±9.373.6±9.581.4±8.289.970.5±9.274.0±9.673.9±9.775.5±8.872.3±11.971.9±8.683.9**Females at baseline**54.457.358.355.933.3100.053.170.576.970.057.150.00.0**Smoking at  baseline** Current12.415.311.926.516.70.013.723.015.430.028.675.00.0 Former37.138.933.347.183.30.038.831.230.830.028.625.0100.0 Never50.245.053.626.50.0100.047.145.953.940.042.90.00.0**CVD**^¶^35.445.850.038.250.00.036.854.148.760.057.175.0100.0**Heart failure**^¶^2.92.33.60.00.00.02.93.32.60.014.30.00.0**Diabetes  mellitus  type 2**^¶^8.614.513.123.50.00.09.314.87.730.042.90.00.0**Asthma**^¶^6.59.26.014.733.30.07.513.17.720.014.350.00.0[^3]

Spirometry {#s2d}
----------

The tests were performed using the Vitalograph 2120 electronic flow volume spirometer using Spirotrac IV software (Vitalograph Ltd, Buckingham, UK). The same spirometer was used when the test was performed at locations other than the research centre. The spirometry, including calibration, was performed according to ATS guidelines \[[@C22]\] at both baseline and the 6-year follow-up with one exception: at baseline subjects did not receive a bronchodilator, whereas at follow-up subjects received 1.0 mg of β~2~-receptor agonist terbutaline 10 min prior to the spirometry. In order to assess crudely to what extent this inconsistency may have influenced the results we conducted two additional experimental incidence analyses. In the first (for the estimation of potential negative effect on incidence rates) we assumed that all incident negative subjects had been non-obstructive at baseline had they inhaled a bronchodilator. In the second (for the estimation of potential positive effect on incidence rates) we assumed a significant increase of FEV~1~ of 10% of measured value and no increase in VC after bronchodilation \[[@C24]\].

Statistical analysis {#s2e}
--------------------

In order to assess differences in incidence rate between subgroups, we conducted Poisson regression analyses with age, smoking category and sex as covariates. Only main effects were included. The exposure time, *i.e.* the time between baseline and follow-up, was taken into account by including an appropriate offset variable in the analyses. Incidence rate should be interpreted as expected incidence of airflow limitation per 1000 person-years. 5-year mortality rates were analysed using Cox regression with the minimum of 5 years and time elapsed between baseline and dropout or death as outcome, with censoring corresponding to dropout or still being in the study 5 years after baseline. In addition to obstruction status (non-obstructive, obstructive only with fixed ratio and obstructive with LLN), the model was adjusted for age, smoking, sex, cardiovascular disease and type 2 diabetes. The analysis concerning varying dropout patterns in different age groups was based on regression with Gaussian errors. The analysis of FEV~1~ decline difference between incident positive and incident negative groups was conducted using Wilcoxon\'s signed rank test and rank sum test. When crudely comparing the distributions of a categorical outcome in different strata, Chi-squared tests were used. When making comparisons, a p-value \<0.05 was considered statistically significant. All analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Ethics {#s2f}
------

The study was approved by the regional ethics committee of Lund University (2002; registration number LU 744-00) and all participants provided written consent.

Results {#s3}
=======

Participants {#s3a}
------------

Of the 311 subjects without acceptable spirometry at baseline, 204 (65.6%) produced acceptable spirometry at follow-up. The prevalence of obstruction at follow-up did not differ between these and the 984 with spirometry at baseline (p=0.34 (fixed ratio) and p=0.35 (LLN)). There was an effect of baseline obstruction on death prior to follow-up (p\<0.0001 for fixed ratio and LLN), but we saw no such effect for dropout (p=0.91). Dropout or death did seem to result in the older groups being relatively fitter (p=0.019 and p=0.0041 for age and outcome of walking test, respectively). Of the 2025 participants with baseline spirometry, 1137 (56.2%) were tested on one specific spirometer. Of the 311 with non-acceptable baseline spirometries, 273 (87.8%) were tested using this machine. At baseline, 189 and 92 participants were qualified as obstructive by fixed ratio and LLN, respectively. Of these, 68 and 34, respectively, were non-obstructive at follow-up (incident negative).

Significances of criteria and incidences based on r\<fixed ratio and r\<LLN {#s3b}
---------------------------------------------------------------------------

Compared to being non-obstructive, fixed-ratio obstruction alone was not correlated with the 5-year mortality rate (p=0.12), whereas being obstructive according to LLN was correlated with increased mortality with a rate ratio of 1.9 (p\<0.0001). A significant effect on mortality (p=0.0062) of LLN obstruction relative to obstruction only with fixed ratio was observed (rate ratio=1.6). Regardless of criterion, for the incident positive group there was evidence against symmetry around zero of the decline in FEV~1~ (p\<0.0001). For the incident negative group, we could not discard symmetry (p=0.053 (fixed ratio) and p=0.73 (LLN)). The decline in FEV~1~ differs between incident positive and incident negative subjects for both fixed ratio and LLN (p\<0.0001 and p=0.0002, respectively) with incidence corresponding to a greater decline. Decline in FEV~1~ for the incident positive group was significantly larger for both LLN (p=0.0004) and fixed ratio (p\<0.0001) than for the non-incident group.

Incidence rates {#s3c}
---------------

Average follow-up time was 5.8 years (fixed ratio) and 5.9 years (LLN), respectively. Incidence rate (crude and adjusted *via* least-squares means) with corresponding 95% confidence intervals are displayed in [table 4](#TB4){ref-type="table"} (fixed ratio) and [table 5](#TB5){ref-type="table"} (LLN). Least-squares means are predicted population margins assuming balanced data. [Figure 2](#F2){ref-type="fig"} illustrates the nonlinear age effect on incident airflow limitation for LLN and fixed ratio. Note that we used age as a continuous covariate in [figure 2](#F2){ref-type="fig"}. The crude incidence rate was 1.41 times higher with a fixed ratio than with LLN for the entire study population. The crude incidence rate for current smokers compared to never-smokers was 0.30 times higher with a fixed ratio and 0.61 times higher with LLN. The incidence rate of females was 0.14 times higher than that of males by fixed ratio, and 1.02 times higher by LLN. FIGURE 2The nonlinear effect of age as a continuous covariate on incident airflow limitation for lower limit of normal (LLN) and fixed-ratio criteria. TABLE 4Incidence rates and results from Poisson regression with airflow limitation defined as r\<0.7**Risk factorsMean age^\#^** **yearsPerson-yearsCrude incidence per 1000** **person-years (95% CI)Adjusted (LSM) incidence per 1000** **person-years (95% CI)^¶^Crude RRAdjusted RR (95% CI)^¶^Sex** Male69.0209926.2 (20.1--34.1)32.1 (24.0--43.0)0.880.95 (0.66--1.38) Female71.7254729.8 (23.8--37.4)33.8 (26.4--43.2)**Age group^\#^ years** 60--6962.9241617.8 (13.2--24.0)18.2 (13.4--24.8) 70--7974.4120330.8 (22.3--42.5)34.6 (24.6--48.6)1.731.90 (1.21--2.97) 80--8983.288950.6 (37.8--67.8)57.5 (41.8--79.2)2.843.15 (2.05--4.86) 90--10090.713843.6 (19.6--97.1)51.8 (23.0--116.8)2.452.84 (1.19--6.76)**Smoking category^\#^** Current smoker66.959933.4 (21.6--51.8)48.5 (30.0--78.5)1.301.75 (1.04--2.93) Ex-smoker69.2172829.5 (22.4--38.8)37.6 (26.8--52.6)1.151.36 (0.91--2.02)Never-smoker72.4229525.7 (19.9--33.2)27.8 (20.5--37.8) All70.5464628.2 (23.8--33.5)37.0 (28.5--48.0)[^4] TABLE 5Incidence rates and results from Poisson regression with airflow limitation defined as r\<lower limit of normal**Risk factorsMean age^\#^** **yearsPerson-yearsCrude incidence per 1000** **person-years (95% CI)Adjusted (LSM) incidence per 1000** **person-years (95% CI)^¶^Crude RRAdjusted RR (95% CI)^¶^Sex** Male69.523927.5 (4.7--11.9)10.4 (6.1--17.7)0.490.54 (0.30--0.95) Female72.0283115.2 (11.3--20.5)19.3 (13.0--28.6)**Age group^\#^ years** 60--6962.926157.6 (4.9--11.9)7.8 (5.0--12.1) 70--7974.4136313.9 (8.9--21.9)14.8 (9.2--23.7)1.831.91 (1.01--3.61) 80--8983.2108417.5 (11.2--27.5)18.5 (11.3--30.2)2.302.39 (1.25--4.56) 90--10090.716018.7 (6.0--58.0)18.8 (5.9--59.6)2.462.42 (0.71--8.29)**Smoking category^\#^** Current smoker67.275918.4 (10.9--31.1)22.7 (12.4--41.5)1.612.16 (1.11--4.18) Ex-smoker69.819899.5 (6.1--15.0)11.8 (6.9--20.0)0.831.12 (0.61--2.06)Never-smoker72.9245111.4 (7.9--16.6)10.5 (6.6--16.7) All70.9522311.7 (9.1--15.0)14.1 (9.7--20.5)[^5]

Analysis of predictors {#s3d}
----------------------

The results from the regression analyses are presented in [tables 4](#TB4){ref-type="table"} and [5](#TB5){ref-type="table"}. We focus solely on the results from the multivariate analyses. Regardless of airflow limitation criterion, we saw statistically significant effects (relative to the youngest age group) corresponding to the two intermediate age groups. However, the global age effect was much weaker for LLN; when testing for equality of incidence rate across age groups, we obtained p\<0.0001 for fixed ratio and p=0.0415 for LLN (p-values not shown in tables). Relative to 80--89-year-olds, we observed no significant effect of belonging to the oldest age group (p=0.807 (fixed ratio) and p=0.981 (LLN)). We observed a significant effect (relative to never-smokers) of being a current smoker for both fixed-ratio and LLN criteria. A multivariate analysis of pack-years as a continuous variable with sex and age as covariates was also conducted, showing a significant relationship between pack-years and the incidence rate of airflow limitation for both the fixed ratio and LLN population (p=0.0173 (fixed ratio) and p=0.009 (LLN)). We saw a significant sex effect for LLN, which was not present for the fixed-ratio criterion, with females having a higher incidence rate.

Additional incidence analyses {#s3e}
-----------------------------

### Place of examination {#s3e1}

The incidence rate among subjects examined outside the research centre was 50.2 (95% CI 22.5--111.7) with fixed ratio and 14.6 (95% CI 3.7--58.5) with LLN. There was no significant effect of place of examination with neither fixed ratio nor LLN (p=0.15 and p=0.75, respectively).

### Hypothetical bronchodilator effect at baseline {#s3e2}

A potential positive effect on incidence rates was calculated: the effect of a 10% FEV~1~ increase and no (F)VC increase of measured baseline value led to a 0.30 times higher adjusted incidence rate for fixed ratio (increased to 48.4) and 0.25 times higher for LLN (increased to 17.6). A dramatic effect of smoking was also observed for the fixed-ratio criterion. For LLN, it was associated with a nonsignificant effect of belonging to the 70--79-years age group (p=0.08). For potential negative effect on incidence rates, the effect of incident-negative becoming non-incident resulted in slightly lower incidence rates for both the fixed ratio (adjusted incidence rate 32.6) and LLN (adjusted incidence rate 13.8) criteria. For LLN, effects of predictors were not altered, for fixed ratio the effect of being a current smoker became nonsignificant (p=0.08).

Discussion {#s4}
==========

Comparison of diagnoses {#s4a}
-----------------------

The analysis of 5-year mortality revealed that an obstructive ventilatory pattern at baseline according to the fixed-ratio criterion alone was not associated with an increased risk of all-cause mortality compared to a non-obstructive pattern according to both criteria. In contrast, the effect of LLN-obstruction was strong, corresponding to nearly a doubling of the mortality rate. This is consistent with previous findings and suggested once again that in an elderly population the fixed-ratio criterion was not entirely appropriate for diagnosing airflow limitation and that the LLN provided a better alternative in terms of a lower risk of false-positivity without missing subjects at increased risk of mortality \[[@C25], [@C26]\].

Brief synopsis of key findings regarding incidence {#s4b}
--------------------------------------------------

Regardless of criterion, the incident positive group showed a greater decline in FEV~1~ compared to the incident negative and non-incident groups. This supports the idea that reclassification was not due to measurement error and natural variability. The overall crude incidence rate was 1.41 times higher using the fixed ratio criterion rather than the LLN criterion. The hypothesis that the incidence rate would be lower using the LLN criterion was confirmed. We also hypothesised that airflow limitation would be significantly associated with smoking category and age but not with sex. Compared to never-smokers, current smokers (but not ex-smokers) have significantly higher incidence rates, regardless of which criterion is applied. The analyses involving pack-years suggested that there might be an accumulative effect of smoking on the incidence rates in older age groups. There was a considerable age effect present for both criteria. However, relative to the fixed ratio criterion this effect was somewhat attenuated with LLN. There was a significant relationship between sex and airflow limitation for LLN. Thus the last part of the primary hypothesis regarding incidence was not confirmed for LLN.

Consideration of possible mechanisms and explanations {#s4c}
-----------------------------------------------------

As expected, the incidence rate is consistently higher when using the fixed ratio criterion rather than the LLN criterion and there are effects of age and smoking. This would imply that in a geriatric population higher age and active smoking habits are independent risk factors for developing COPD even when LLN criteria are used.

A potential sex effect for LLN incidence has, at least partially, been observed previously for younger subjects \[[@C10]\], and previous studies have suggested that females may be more susceptible to tobacco smoke than males \[[@C16]\]. Other potential mechanisms behind the sex effect may include effects of sex hormones \[[@C27]\]*,* susceptibility due to dimensional differences \[[@C28]\] and morphological differences suggesting a difference in the natural history of COPD \[[@C29]\]*.* The present study included only post-menopausal females and the results may not translate to younger females*.* The observed sex effect could theoretically be affected by higher awareness of COPD in male patients, leading to better treatment and spirometry performance. With few incident subjects, the observed effect may possibly be an artefact of natural variability, measurement error and dichotomising a continuous outcome to either obstructive or non-obstructive.

Comparison of incidence rates with relevant findings from other published studies {#s4d}
---------------------------------------------------------------------------------

We found nine recent studies (published after the year 2000) that report spirometry-based incidence \[[@C2]--[@C10]\]. One of these only studied young adults and another only studied symptomatic subjects; they were therefore excluded from further comparison \[[@C2], [@C5]\].

Previous studies using LLN criteria {#s4e}
-----------------------------------

Little is known of the incidence of COPD among subjects aged \>80 years considering that a fixed ratio criterion consistently overdiagnoses subjects aged \>50 years \[[@C18]\]. Although there is controversy regarding the use of a fixed ratio (especially among elderly subjects), studies reporting LLN-based incidence rates are scarce. A Japanese study published in 2011 (including only male subjects (n=913)) reports incidence using both LLN and GOLD diagnostic criteria \[[@C9]\] ([table 6](#TB6){ref-type="table"}). This study\'s results are not entirely comparable to ours since it uses a fixed ratio cut-off of 0.7 to exclude obstructive subjects at baseline for the LLN incidence calculations. The authors reported an overall incidence rate of 9.8 and 8.3 per 1000 person-years using LLN and GOLD criteria, respectively. The study\'s relatively young population (mean age 48 years) could explain the overall slightly higher incidence rate using LLN rather than the GOLD criterion. In summary, the 2011 Japanese study reported a significantly higher incidence rate among younger subjects and a lower incidence rate among older subjects using the LLN criterion compared to the GOLD criterion. A contributory factor to be considered was that active smokers were overrepresented among the younger subjects. TABLE 6Approximated overall incident cases of airflow limitation/chronic obstructive pulmonary disease per 1000 person-years from previous studies on general populations using current Global Initiative for Chronic Obstructive Lung Disease (GOLD) and lower limit of normal (LLN) diagnostic criteria**First author \[ref.\]At-risk subjectsCountryMean age yearsCurrent smokers %Male/ female %/%Incidence rateGOLDLLNJ[ohannessen]{.smallcaps} \[6\]**869Norway412753/475.1^\#^**K[ojima]{.smallcaps} \[4\]**17106Japan483065/356.3^\#^**O[mori]{.smallcaps} \[9\]**913Japan4871100/08.39.8**L[indberg]{.smallcaps} \[3\]**963Sweden^¶^2549/5115.7^\#^**V[estbo]{.smallcaps} \[8\]**12 309Denmark5261^\#^19.8^+\#^**[de]{.smallcaps} M[arco]{.smallcaps} \[10\]**4425Multinational^§\#\#^2.881.85/2.41**Present study** LLN892Sweden711446/5411.7 Fixed ratio795Sweden701345/5528.2[^6]

Another study of young adults (aged 20--44 years) with data from 10 European countries also reports incidence rate using two different versions of LLN and a fixed-ratio criterion \[[@C10]\]. In contrast to the Japanese study, this study reports lower incidence rate for LLN compared to the fixed-ratio analysis in spite of the young study population. They also report higher incidence rate for females using the LLN criteria, but the results are not conclusive as they depend on which LLN criterion is applied.

Previous studies using GOLD criteria {#s4f}
------------------------------------

We found five additional studies that report spirometry-based incidence rates in general populations using current GOLD criteria \[[@C2], [@C3], [@C6]--[@C8]\]. For easier comparison with our own results we calculated approximated overall incidence rate per 1000 person-years based on data published from four of these studies ([table 6](#TB6){ref-type="table"}). The Danish study \[[@C7]\] published in 2006 does not provide sufficient information for comparison of overall incidence rate. The four remaining studies reported a wide spread of overall incidence rates ranging from 5.1 to 19.8 cases per 1000 person-years \[[@C3], [@C4], [@C6]--[@C8]\]. There seems to be a relationship between age of the study populations and reported incidence rates. There was no reported incidence rate for subjects aged \>80 years in the previous studies for comparison. Since our study population has by far the highest average age, we are not surprised to find that our overall fixed ratio incidence rate was the highest reported. Another factor that might lead to higher incidence rates in our study is that, in an attempt to reduce selection bias, we included subjects who are too frail to visit the research centre. This was achieved by making house calls.

Incidence rates for current smokers were, 9.6, 26.9 and 11.0 for the Norwegian study \[[@C6]\], Swedish study \[[@C3]\] and 2007 Japanese study \[[@C4]\], respectively. The other studies did not report sufficient data for comparison. Again, the incidence rates were low in the Norwegian and Japanese studies compared to the older populations in the previous Swedish study and our cohort of current smokers.

Comparison of smoking habits {#s4g}
----------------------------

Our study population reports the lowest percentage of overall current smokers at baseline (13%), compared to the previous studies where it ranged from 25% to 71% ([table 6](#TB6){ref-type="table"}). In contrast, our percentage of former smokers was the highest reported (38%), compared to the five previous studies. The other studies reported former smoker percentages between 18% and 35%. Considering that our population\'s proportion of current smokers decreases with increasing age, it is likely that the inclusion of the oldest old explains why we found a relatively low percentage of current smokers and a high percentage of former smokers.

Comparison of predictors {#s4h}
------------------------

We found that the incidence rate of airflow limitation was significantly higher for the 70--79- and 80--89-year-old cohorts compared to the youngest age group. This was also true for the 90--100-year-old cohort when using the fixed-ratio criterion but not when applying the LLN criterion. This was most likely a consequence of lack of power. Furthermore, we observed that current smokers have a significantly higher incidence rate than never-smokers. This is in accordance with previous studies (although only among males in the 2007 Japanese study) \[[@C3], [@C4], [@C6]--[@C8]\]. In accordance with our study the two previous studies that calculated dose--response relationships between estimated lifetime tobacco exposure and incidence found incidence and estimated tobacco exposure to be significantly correlated \[[@C4], [@C6]\]. In accordance with all but three of the six previously mentioned, we did not find any significant relationship between incident airflow limitation based on a fixed ratio criterion and sex \[[@C4], [@C8], [@C10]\]. We did see a sex effect when using the LLN criterion. This result is partially supported by a previous study \[[@C10]\]. Being a former smoker did not significantly increase the incidence rate compared to never-smokers, regardless of which criterion was used. This was unexpected, as a previous study \[[@C10]\], the Norwegian study \[[@C6]\] and the 2007 Japanese study (although only for males) \[[@C4]\] which analysed smoking as a possible predictor of a fixed ratio-based incidence, reported contrary results. Possible reasons for this are discussed later.

Limitations and weaknesses of the study {#s4i}
---------------------------------------

We tried to reduce selection bias by making house calls. Still, participants were younger and were probably healthier than non-participants in the main study. Follow-up rates were lower for more severe stages of airflow limitation compared to mild stages. Subjects with two spirometries were likely to be fitter than those with baseline spirometry only, with the discrepancy being larger for older age groups. This may have resulted in generally lower incidences and weakened the age effect on incidence. It is likely that a fairly high proportion of subjects (in particular among those with poor pulmonary function at baseline) received treatment for airway obstruction between examinations. This may have led to both underestimation of incidence and a high proportion of incident negative subjects. In summary, it is likely that this study underestimates the true incidence of airflow limitation in the underlying population as a result of selection of the fittest.

Failure to perform an acceptable spirometry at baseline resulted in the loss of a rather young subpopulation with a high percentage of smokers. It is plausible that this loss was to a large extent due to technical problems. This could have affected the results. However, the baseline characteristics did not differ substantially between the 2025 subjects with spirometry and the 2336 subjects examined. Furthermore, pulmonary function at follow-up is not different in the lost group compared to the 984 subjects with two measurements. We expect this to be mainly an issue of loss of power.

A bronchodilator was not administered at baseline. It is likely that subjects close to the cut-off value of a fully reversible *versus* not fully reversible airway obstruction were wrongfully excluded from the analysis. This may have led to an underestimation of the incidence, since these subjects were likely to have had an increased risk of developing post-bronchodilator airflow limitation. The sensitivity analyses we conducted also point to relatively modest underestimations of the incidence rates with little effect on predictors.

Due to lack of alternative equations for subjects aged \>95 years we extrapolated the spirometric prediction equations for individuals aged 25--95 years for a handful of subjects aged \>95 years at follow-up.

Former smokers did not differ significantly from never-smokers regarding incidence, unlike findings in previous studies \[[@C6], [@C7]\]. This may be explained by the inability to accurately measure exposure, which results in a bias towards unity. This effect has been described before as regression dilution bias \[[@C30]\]. It is likely that the somewhat crude predictors of smoking category and pack-years are affected by regression dilution bias. The pack-years predictor is also likely to be affected by recall bias.

Variables such as occupational exposure \[[@C31], [@C32]\] and socioeconomic status \[[@C32], [@C34]\] that have previously been linked to COPD were not included. Air pollution has also previously been suggested as a predictor of COPD; however, a recently published review \[[@C35]\] concluded that the evidence was not conclusive. Additionally, our study includes randomised participants from both urban and rural areas, which should reduce the effects of any differences in air pollution between rural and urban areas.

Possible contributions of the study {#s4j}
-----------------------------------

Since this is one of the first published studies reporting LLN-based incidence data and the first to use the GLI-2012 reference equations, we hope that this study will contribute to the current knowledge of the epidemiology of COPD. The inclusion of the oldest old, with data from 100-year-old subjects at follow-up, further adds to the usefulness of this study. The evidence for using the fixed-ratio criterion when diagnosing airflow limitation in the very old was found to be weak. In fixed-ratio studies the one predictor that is most correlated to incidence is age, partly as a result of misclassification, with high numbers of false positives in high age groups. This study describes the incidence of airflow limitation using modern age-dependent reference equations with the hope of coming closer to the true underlying incidence of COPD. We found that female sex may be a risk factor for developing airflow limitation and consequently COPD. This finding has to be corroborated.
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[^1]: Data are presented as mean±[sd]{.smallcaps} or %, unless otherwise stated. LLN: lower limit of normal; BMI: body mass index; NA: not applicable.

[^2]: Data are presented as mean±[sd]{.smallcaps} or %, unless otherwise stated. Fixed-ratio population: n=2025; lower limit of normal (LLN) population: n=2009 (data not available for LLN calculation for 16 subjects). FEV~1~: forced expiratory volume in 1 s; VC: vital capacity; GOLD: Global Initiative for Chronic Obstructive Lung Disease; ATS: American Thoracic Society; ERS: European Respiratory Society; CVD: cardiovascular disease (heart disease or stroke/transient ischaemic attack).

[^3]: Data are presented as mean±[sd]{.smallcaps} or %, unless otherwise stated. LLN: lower limit of normal; GOLD: Global Initiative for Chronic Obstructive Lung Disease; ATS: American Thoracic Society; ERS: European Respiratory Society; CVD: cardiovascular disease (heart disease or stroke/transient ischaemic attack). ^\#^: data not available for 6 subjects; ^¶^: at baseline or follow-up.

[^4]: Data are presented as n, unless otherwise stated. LSM: least-squares means; RR: rate ratio. ^\#^: smoking habits and age at baseline; ^¶^: covariates were sex, age group and smoking category.

[^5]: Data are presented as n, unless otherwise stated. LSM: least-squares means; RR: rate ratio. ^\#^: smoking habits and age at baseline; ^¶^: covariates were sex, age group and smoking category.

[^6]: Data are presented as n, unless otherwise stated. ^\#^: data not available; ^¶^: data not available, age at study entry 46--77 years; ^+^: calculated from 5-year follow-up; ^§^: data not available, age at study entry 20--44 years.
